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ABSTRACT: Hydrogels are widely used in biomedical area of research. Hydrogels are usually used in 
fabrication of contact lenses, hygiene products, biosensors, wound dressings, and tissue engineering 
applications. The polymer 2-hydroxyethyl methacrylate (HEMA) based hydrogel synthesis and their use in 
textiles industry was also reviewed. Poly-Hema is a soft, flexible, water absorbing plastic used in making 
soft contact lenses. HEMA is a clear liquid compound obtained by reacting methacrylic acid with ethylene 
oxide or propylene oxide. HEMA and polymer hydrogel filler are used for soft tissue reconstruction by facile 
polymerization. The synthesis of random copolymer including HEMA through free radical polymerization is 
also reviewed. Polymeric fillers are widely used as an alternative for breast reconstruction materials. This 
review focuses on recent advancements in several types of biomedical hydrogels including conductive 
hydrogels, injectable, responsive, nanocomposite hydrogels, etc. Thermo responsive hydrogels use 
temperature as external stimulus to show sol-gel transition and they can form hydrogel around the body 
temperature. Textile based transdermal therapy is currently being applied using drug loaded 
thermoresponsive hydrogel. Hydrogels made by natural and synthetic polymers for textile based 
transdermal treatments are mentioned. 
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INTRODUCTION 

Hydrogels is a network of cross-linked polymer 
chains that are hydrophilic, sometimes found as 
colloidal gel in which water is in dispersion 
medium. A three-dimensional solid from the 
hydrophilic polymer chains being held together by 
cross-links. Hydrogel exhibits a degree of 
flexibility very identical to natural tissue because 
of their significant water content. The 
hydrophilicity of the network is due to the 
presence of hydrophillic groups such as -NH2, - 
COOH, -CONH2, and -CONH. Hydrogel undergo 
significant volume phase transition or sol-gel 
phase transition in response to certain physical 
and chemical stimuli [1]. Hydrogels are made up 
of hydrophillic components are porous 3-D 
interpenetrating polymeric network containing 
large amount of water with losing their structure 
at physiological temperature and pH [2,3]. They 
have the ability to hold water and resistance to 
dissolution as it contains hydrophillic functional 
groups and cross-linking between the polymeric 
chain networks respectively. High affinity of water 
gives hydrogels the _ physical properties 
corresponding to living tissue [4]. 


Hydrogels can be classified as natural, synthetic, 
and hybrid depending on nature of polymers. 
Natural polymer based hydrogels has properties 
such as biodegradability, biocompatibility, no- 
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toxicity and support cellular activities [5]. 
Synthetic polymer based hydrogel have defined 
structures and some interesting features such as 
water content, mechanical stability, soft tissue 
similarities, and proved support for axonal 
regeneration. They are non-degradable.[6]. Some 
common types of hydrogels are pH-sensitive 
hydrogels, temperature’ sensitive hydrogels, 
electrosensitive hydrogels, light-responsive 
hydrogels, etc. Hydrogels are used in many fields 
such as drug delivery system, tissue engineering, 
surface coating, bone healing, developing contact 
lenses and several diagnostics tool [7-9]. Now-a- 
days HEMA based hydrogel is produced and used 
in textile applications. 


Recently — conventional invasive breast 
reconstruction methods are being replaced by 
non-invasive breast reconstruction practices 
because polydimethylsiloxane can cause several 
problems such as implant rupture, infection, 
hematoma, and foreign body reaction [10]. In 
these procedures, fillers are used as a substitute 
for the implant [11]. Soft tissue fillers such as 
hyaluronic acid, collagen, acrylamide, 
polymethylmethacrylate are used for cosmetic 
surgeries [12]. Material based fillers have rapid 
absorption and their structures have relatively low 
stability [13]. In this study, 2 hydroxyethyl 
methacrylate (HEMA) and acrylamide (Am) 
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copolymer Poly (HEMA-Am) hydrogel were 
synthesized by redox polymerization as new 
synthetic filler. Poly (HEMA-Am) hydrogel as a 
synthetic based filling material is capable of 
providing a stable structure and bio compatibility 
that can be used as injectable filler for breast 
reconstruction [14-16]. 
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Temperature responsive polymers are widely 
used in wearable electronics, drug delivery 
system, temperature based separation, and smart 
Textiles [17].Thermoresponsive polymers 
maintain hydrophobic and hydrophilic balance in 
their structure and have biomedical applications 
especially in drug delivery for cancer therapy, 
transdermal drug therapy used in smart textiles, 
tissue repair and bone regeneration [18,19]. 
Natural polymers such as xyloglucan, dextran, 
elastin and elastin like polypeptide/ oligopeptide 
and synthetic polymers such as polyoxazoline, 
biodegradable polyester copolymers can form 
thermoresponsive hydrogels [20]. Some of the 
thermoresponsive hydrogels of natural and 
synthetic polymers are given below: 


Natural polymers 


Chitosan: It is a deacetylated product of chitin is 
used in wide range of biomedical applications [21]. 
Chitosan is soluble in dilute aqueous acids. 
Chitosan is a natural cationic biopolymer made of 
glucosamine units, can form hydrogels as the 
polymer is  hydrophillic, biocompatible, etc. 
Chitosan based hydrogels are used in textile 
industry and have biomedical applications such as 
atopic dermatitis [22]. Textile therapy using Micro 
encapsulation technology was developed for the 
treatment of Atopic dermatitis by chitosan based 
hydrogel. [23]. The Chinese herbal medicines were 
loaded into chitosan and sodium alginate 
composite micro encapsules using emulsion 
chemical cross linking method and a pad-dry cure 
approach was then employed to coat the micro- 
capsules on the surface of cotton fabrics [24]. 
Hydrogel film composed of chitosan and honey 
was developed for textile applications, as it is 


E-ISSN: 2349 5359; P-ISSN: 2454-9967 


capable of water vapour transmission and water 
absorption [25].This film fulfilled all the 
requirements of the wound dressing such as 
strength, elongation, thickness, degradation, etc. 
Hydrogels with three components, poly (vinyl 
alcohol) (PVA), carboxymethylate chitosan (CM- 
chitosan) and honey have been prepared by using 
radiation method and radiation followed by 
freeze-thawing cycles technique (combinational 
method). This method improves mechanical 
strength of hydrogels and decreases swelling of 
hydrogels also it protects from bacterial infection. 
In the formulation of gels, presence of honey is 
important as it has led to higher tissue 
regeneration [26]. Development of chitosan 
composite hydrogel based textile scaffolds for 
tissue engineering and the scaffolds were 
prepared by a freeze drying technique using 
woven PES fabric with well defined macro 
porosity coated with a biodegradable chitosan- 
collagen membrane [27, 28]. This provided a 3-D 
structure for cell attachment and growth. Chitosan 
based hydrogels are applicable in removal of 
heavy metal ions due to the presence of multiple 
amino and hydroxyl groups in their structure. 
Chemical modification of these functional groups 
can improve absorption capacity physiochemical 
properties of chitosan [29,30]. 


Gelatin/collagen 


Collagen is the most abundant protein in your 
body while gelatin is a cooked/degraded form of 
collagen. Gelatin has thermoresponsive properties 
and is commercially produced from by-products of 
the meat and leather industries. Gelatin is 
biodegradable, bio-compatible, non-toxic, high 
carbon content, abundant, low price and can 
accept easy modifications on the amino acid level 
[31,32].Hydrogels made of an interpenetrating 
network of gelatin, sodium alginate and CNC’s 
were applied for cartilage applications [33]. 
Gelatinmethacryloyl (GelMA) hydrogels were used 
for biomedical applications such as_ tissue 
engineering, drug and gene delivery, bio-sensing, 
due to their suitable biological properties and 
tunable physical characteristics [34,35]. An 
injectable thermoresponsive hydrogel system was 
formed from blends of chitosan and gelatin and 
their solutions can form gels very quickly at the 
body temperature. It was biodegradable, 
biocompatible, adhesive to human tissue and used 
for the delivery of protein drug [36]. The chitosan- 
gelatin micro encapsules loaded with patchouli oil 
was grafted onto cotton fabric using 2-D resin as 
cross-linking reagent [37,38]. Chitosan gelatin 
micro encapsules has applications in many fields 
such as antibacterial mask, bacteriostatic sheet 
and healthcare clothes [39].Hydrogel layer was 
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made of alginate/ methacrylated gelatin or 
thermally cross-linkable hydrogels such as 
collagen and gelatin. This new and innovative 
textile technology has been utilized for the bio 
fabrication of fibrous scaffolds for various tissue 
engineering applications [40,41]. 


Synthetic polymers 
Poly(N-isopropylacrylamide) 


Thermoresponsive based on hydrogels from P- 
NIPAm, its copolymers and materials are useful for 
developing sensors and actuators, operations in 
biotechnology, processing of agricultural products, 
etc [42].Thermoresponsive hydrogel of NIPA-Am 
copolymers with acrylic acid (AA) p(NIPA Am-co 
AA) was applied as a cell and drug delivery vehicle 
[43]. P(NIPAAm) based  thermoresponsive 
hydrogel has various. textile applications. 
P(NIPAAm) coated cotton fabric showed an 
extraordinary capacity of collecting water from 
humid air. A cotton fabric coated with pNIPAAm 
via atom transfer radical polymerization exhibited 
an excellent transition from super hydrophilicity 
to hydrophobicity with changing temperature for 
developing thermoresponsive smart textiles 
[44,45]. The nano-hydrogel of chitosan and 
NIPAAm was made of surfactant free emulsion 
polymerization and coated on to cotton using 4- 
butane tetra carboxylic acid (BTCA) as 
environment friendly cross-linking agent. This 
enhanced the water retention capacity of cotton 
fabric [46]. These hydrogels were applied to 
textiles to improve their water retention capacity 
and enhance their capacity for collecting water 
from air. 


Pluronics or Poloxamers: Poloxamers are non- 
ionic tri block copolymers composed of a central 
hydrophobic chain of polyoxypropylene flanked by 
two hydrophillic chains of polyoxyethylene and 
they are capable of slowing their no responsive 
behaviour in aqueous solutions at physiological 
temperature and pH [47,48]. The gelling process of 
pluronics hydrogels is comprised of two steps: 


Micellization Process, Gelation Process 


Micellization process is formation of spherical 
micelles and gelation process in which assembling 
of spherical micelles occurs to form gel. Pluronic 
F127 has various biomedical applications such as 
tissue engineering and burn wound covering [49- 
51]. For textile applications, PF127 based 
hydrogels are applied for transdermal drug 
delivery [52]. Herbal medicine loadedPF127 based 
thermoresponsive hydrogel is capable _ of 
moisturizing the skin and relieving the symptoms 
of atopic dermatitis. Nevertheless, more 
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modifications are required to improve the drug 
loading capacity of PF127 based hydrogel. 
Transdermal studies showed that permeability of 
the drug through the skin has enhanced with the 
addition of CMC’s in hydrogel formulation [53-55]. 


The halogenated products available in the 
market like brominated flame _ retardant, 
chlorinated flame retardant arenon eco-friendly 
and are a major health concern as well as unsafe 
for human life. These flame retardants emit toxic 
gases such as hydrogen bromide (HBr) and 
hydrogen chloride (HCl) during combustion which 
is harmful to respiratory system. Hence, halogen- 
free flame retardants have been increasingly 
sought after due to public interests concerning 
health, safety and environmental aspects. Hence 
the need for non-halogenated products has arisen. 
The method of synthesis to obtain a flame 
retardant by using a hydrogel like HEMA by 
reacting HEMA (2-hydroxyethyl methacrylate) 
with organophosphate was carried out. After 
several experimentations successful synthesis of 
product was obtained. The results showed that the 
addition of a photo initiator increases the 
conversion rates of polymerization of the FR. 


This product was then applied on jute fabric by 
the pad dry cure technique. To optimize the curing 
concentration, the curing time and temperature, 
the jute fabric was treated with 10%, 20%, 30% 
concentration of product 1 at temperature 110°C, 
120°C, 130°C and curing time 2 min, 3 min, 4 min 
was carried out, to optimize the finishing 
conditions. It is found that for curing temperature 
of 120°C and 4 minutes curing time product has 
maximum add on with minimum char length. LOI 
of this sample was found to be 35which is more 
than other treated fabrics. Thus successful flame 
retardant finish was obtained using a hydrogel like 
HEMA [56,57]. Thus the application of hydrogels 
can be summarized as given in the following Table 
I. 


CONCLUSION 


Textile-based thermoresponsive hydrogel 
system exhibits the functions of drug control 
release and moisture and exudate management. 
The sweat, blood and other body fluids can be 
effectively drained out of the skin in a 
unidirectional manner (from inside to outside), 
which shows great significance in keeping the 
topical skin area clean, breathable and 
comfortable for long term treatment, e.g., 
application as a wound bed in a_ moist 
environment. For application based on particular 
tissues or organs, much research remains to 
develop hydrogels capable of functioning as 
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replacements for real tissue. Future studies into 
bio-medical hydrogels will be needed to address 


the following: 


Table I Natural and synthetic polymers used as hydrogels for drug delivery, Textile Application, and 
Tissue engineering. 


Polymer Chemical nature estes Biomedical applications 
responsiveness 
Chitosan Natural (polysaccharide) | Thermoresponsive Drug delivery, tissue 
engineering, textile 
pH responsive Application.[21] 
Cellulose Natural (polysaccharide) | Thermoresponsive Drug delivery, tissue 
engineering, textile Application. 
pH responsive. 
Albumin Natural (polypeptide) Thermoresponsive Drug delivery, tissue 
engineering, textile Application. 
pH responsive 
Gelatin Natural (polypeptide) Thermoresponsive Drug delivery, tissue 
engineering, textile Application 
pH responsive [34]. 
PF127 Synthetic Thermoresponsive in situ-gel Drug delivery, textile based 
formation transdermal therapy. [49-51] 
pNiPAAm Synthetic Thermoresponsive in situ-gel Drug delivery, Textile 
formation Application [43]. 
PEO Synthetic pH responsive (neutral) Drug delivery, Textile 
Application. 
PAA Synthetic PH responsive (anionic) Drug delivery, Textile 
Application. 
PDMAEMA/ Synthetic PH responsive (cationic) Drug delivery, Textile 
Application [58] 
PDEAEMA 


¥ Swelling rate of hydrogels should be 
controlled while improving their mechanical 
properties, meeting size requirements of 
tissues and organs. 

¥ Their bio-compatible should be enhanced to 
achieve stimulation of extracellular matrix 
structure and functions. 

v Degradation rate of hydrogels should be 
controllable, conforming to tissue specific 
much properties and regeneration needs. 

¥ Reduction of the effect on the mechanical 
properties of textile materials. 

Y Health and environmental effects of hydrogel- 
based finishes, by addressing problems of 
toxic side effects, as well as_ the 
biodegradability of disposed functionalized 
textiles and the bioaccumulation of hydrogel 
compounds. 

Y Optimization of synthesis 
minimize Production costs. 


methods to 


Hydrogels should be combined with other 
materials to achieve the complex structural and 


functional components necessary to act as 
replacement for specific organs. Poly (HEMA-Am) 
hydrogel filler is a promising filler material with 
stable structure and good bio-compatibility that 
can be used as permanent injectable filler for 
breast reconstruction. Various thermoresponsive 
hydrogels which can use moderate temperature 
change as a trigger for sol-gel transition and at 
body temperature injectable thermoresponsive 
polymers can form gel from their aqueous solution 
and their textile applications were studied. 
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